
final data were taken in the range of 2 5 8 0 ~ !  completion of 
the reaction. Variation in temperature before attainment of 
equilibrium was thereby eliminated. The rate curves ob- 

tained are shown in Fig. 1 and the rate constants and ap- 
proxiate energies of activation are given in Table 111. 
ASN ARBCR, ~ I I C H .  
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The Mechanism of Dye Formation in Color Photography. VII. Intermediate Bases 
in the Deamination of Quinonediiminesl 

BY L. R. J. TONG, JI. CAROLYN GLESMANK ASD K. ra. BEKT 
RECEIVED MAY ,5, 1959 

The deamination of certain oxidized derivatives of p-phenylenediamines in aqueous solutions proceeds through stable 
Some equilibrium constants for this reaction 

The addition compounds appear to be inert in the formation of indoaniline dyes. 
intermediates which have been postulated as the addition products with OH -. 
were measured spectrophotometrically. 

It has been shown earlier in this s e r i e ~ ~ , ~  that 
quinonediimines, formed by oxidation of 9- 
amino-N,N-dialkylanilines, undergo a deamination 
of the substituted amino group to form quinone- 
monoimines according to the equation 

KH ZH 
I 

I 

0 

In the cases reported earlier, the rate of this re- 
action was a linear function of the OH- concentra- 
tion. Certain amines containing hydroxyalkyl 
substituents on the tertiary nitrogen, however, 
follow a more complicated rate law. The analysis 
of this rate law has led to a more detailed under- 
standing of the S N ~  deamination reaction and is 
reported in the present paper. 

As before, the reaction rates are measured by 
determination of the yields a t  various times of the 
indoaniline dye and the indophenol dye which are 
formed by coupling of the quinonediimine or the 
quinonemonoimine, respectively, with a-naphthol, 
depending on whether or not deamination takes 
place. The deaminations of the quinonediimines 
derived from the amines in Table I, like those of the 
four compounds discussed earlier, are directly 
proportional to the OH- concentration over the 
whole measured range from $H 8.0 to 12.0. The 
rates are given in Table I as log KI/(OH-), i . e . ,  
deamination rates for unit OH- activity. The 
values of the earlier measurements are repeated, 
in italics, for comparison. 

The deamination rates of quinonediimines de- 
rived from the amines listed in Table I1 when 
plotted against $H, Fig. 1, tend toward limiting 
values and actually reach these in several cases. 
Then even drastic increases in PH up to 0.375 
N KOH do not further raise the deamination rate. 
Such changes in dependence are often indicative 
of the formation of more or less stable intermediates, 
but diamines with high oxidation potentials might 
exhibit a non-linear log k vs. PH plot because of 

(1) For Par t  VI ,  see L K J Tong and \1 Carolyn Glesmmn, THIS 

( 2 )  L. K. J Tong, J. Phys  Chem , 58, 1090 (1954) 
(3) L. K. J. Tong and M. Carolyn Glesmann, THIS JOURNAL, 78 ,  

J O U R N ~ L ,  79, 4310 (1957) 

5827 11956). 

TABLE I 
K l l 2  
, 

SECOND-ORDER RATE CONSTANTS k l / (  OH -) 
FOR ELIMINATION OF THE DIALKYLAMINE 

$J 
R, -!'-Rz 

ber S KI R2 (OH -1 
Num- Compound- - log k i i  

"f'", 
,i 5.35 C ~ H S  - <  '7 H; N 1 CH3 

2 H 
3 H  
4 H  
5 c1 
c H 
7 H  
8 I €  
9 CI13 

10 CH3 

4 .51  
4 42 
4 40 
4 34 
4 30 
4 30 
2 99 
3 33 
3 7,u 

14 CH, 
15 CH3 
16 CH3 

17 CIL 

18 H 
19 -OCH,: 

20 

21 

22 

23 

3.46 
3 36 
3.35 
3 24 
,? 2" 

2 . 4 5  

2 . 3 4  
2 03 

5 , 00 

4.10 

3.78 

2.34 

Data from references 2 and 3 are included for compari- 
Compounds 17 and 18 are the same as compounds 11 son. 

and 7 after ionization. 
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I I 
7 8 9 10 I I  I2 

Fig. l.--pH dependence of first-order rate constants for 
elimination of the tertiary amines from the following com- 
pounds: 1, N-(4-aminophenyl)-3-hydroxypiperidine (31); 
2,  4-amino-N,N-bis-(~-hydroxyethy1)-3-methylaniline (26) 
*log kl displaced 1 unit upward; 3, 4-amino-N-ethyl-N-(8- 
hydroxyethy1)-aniline ( 2 5 ) ;  4, 4-amino-3-methyl-N-ethyl- 
N-(8-hydroxyethy1)-aniline (28 )  ; 5, 4-amino-3-methyl-N- 
ethyl-N-(3-hydroxypropyl)-aniline (29); 6 ,  4-arnino-N,N- 
bis-(~-hydroxyethyl)-3,5-dimethylaniline (27) **log kl dis- 
placed 1 unit downward; 7, 6-amino-l-ethyl-1,2,3,4- 
tetrahydroquinoline (30). 

incomplete oxidation. In  order to exclude this 
possibility, the data shown for PH 12 in Fig. 1 were 
checked by oxidizing the amines with varying 
amounts of excess ferricyanide with no change in 
the results. 

TABLE I1 

ACID-BASE EQUILIBRIUM CONSTANTS(K) AND R A  5' ' R? 
SPECIFIC REACTION RATES FOR ELIMISATION 

-4 

PH. 

OF THE DIALKYLAMIXES (kl') RI-N-R, 
Num- 

ber 

24 
25 
26 
27 
28 
29 

Ri RP RI Ra log K logk 1' 

CnHaOH CzHaOH H H 5.88 -1.1 
CnHs CzHaOH H H 5.10 -0.86 
CzHaOH CzHiOH CH. H 5 .05  - .86 
CnHaOH CnH40H CHI CHI  4 . 2 2  - . .I 

CzHr C'HaOH CHI H 4 . 1 8  - . 6  
C ~ H I  CsHsOH CHI H 2 . 7 a  + .8 

"* 

2 24 - . 7  
30 Q- / ?&I> 

HsCpNCH,-CH, 

ji-CaH,NH2 
I 

< 1 . 9 a  + 2 . 7  
&OH 

31 

a Log K derived-from deamination rate studies. 

2.c 

I.! 

d 
I 

I C  

ui 

0.1 

( 

Fig. 2.-Extinction coefficient for oxidized 4-amino- 
3-methyl-N-ethyl-?J-(8-hydroxyethyl)-aniline ( 2 8 )  a t  p H  
indicated. 

For further information about possible interme- 
diates, solutions of the quinonediimine from 4- 
amino-3-methyl-N-ethyl-N-(/? - hydroxyethyl) - ani- 
line were examined photometrically. This quinone- 
diimine reaches the limiting deamination rate a t  
PH 11, with a half-time of 7 sec. Photometric 
measurements of fresh solutions a t  PH 8.0 and 12.0, 
respectively, 0.8 sec. after adjustment of the pH 
to these values, resulted in the curves shown in 
Fig. 2 for the full range of wave length. The 
change in E, 2 X lo4  a t  300 mp, reveals the exist- 
ence of a t  least two species in these solutions. The 
extinctions for intermediate values of pH shown 
in Fig. 2 follow a quantitative relationship shown 
in Fig. 3 indicating that these species are in equi- 

' I  I 

- l L  ,/' .' 

, 
l l  I2 10 

-2  i 
5 9 

PH. 
Fig. 3.-Equilibrium constants for base formation: 

1, 4-amino-N,N-bis-(&hydroxyethyl)-aniline (24) ; 2, 4- 
amino-N-ethyl-N-(8-hydroxyethy1)-aniline ( 2 5 )  ; 3, 4- 
amino-N,N-bis-(~-hydroxyethyl)-3-methylaniline (26) *log 
(D. - D ) / ( D  - Db) displaced 0.4 unit downward; 4, 
4-amino-N,N-bis-(~-hydroxyethy1)-3,5-dimethylaniline (27) ; 
5, 4-amino-3-methyl-N-ethyl-N-(~-hydroxyethyl)-aniline 
(28) **log (D, - D ) / ( D  - Db) displaced 1.0 unit down- 
ward; 6 ,  6-amino-l-ethyl-1,2,3,4-tetrahydroquinoline (30). 
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librium. Similar measurements of other quinone- 
tliimines with limiting values of deamination r z  tes 
confirmed these results. 111 order to ascertain that 
the compounds under cwnsideratioii have the oxi- 
dation state of o,uinotiedi;niine~, a gix en quantity 
of c!ianiine was oxidized a t  PI3 8 +th increasing 
amounts of ferricyanide. The de:isifies at 300 
mp, measured after each addition and plotted 
against the amotirlt of oxidaxt, had a sharp brea'; 
a t  the point where two equivalents of oxuida:it liad 
been added, the increase in density beyond this 
point being due to excess ferricyacide. 

In Fig. 3 is plotted a Eu:iction of the densities 
at 300 mp a t  pH 8 0 ( D b ) ,  at pH 12.0 (IL) and a t  
the intermediite values of PI3 given on the abscissa 
(D) which should be linea- with $€I if only two 
molecular species in eqzilibrium Ti-ith OH- are 
involved. The linearity sliomn confirms the con- 
ditions just stated f3r the systems under investi- 
gation. The slope or" unity further revcils that the 
equilibrium reaction ir,i-oliTes either eliinination of 
one H +  or addition of one OH-. -4 niechanism 
which satisfies these conditions and the general 
kinetics and which appears chemically plausible is 
given by the scheme 

We assume that the equilibrium between QDI+, 
OH- and the base (QDIOH) is rapidly attained 
and that the cleavage into quinonemonoimine and 
amine is the rate-determining step. If K is small, 
the concentration of the base is small and is pro- 
portional to (OH-) ; if K is very large and practi- 
cally all of QDI+ is present as the base, an increase 
of (OH-) has only little effect on the concentration 
of the base. Hence, inasmuch as the base is the 
intermediate for the deamination reaction, the 
deamination rate becomes independent of pH if 
K is large and if the pH is high enough to convert 
the quinonediimine practically completely to the 
base. 

The first-order rate constant of the cleavage 
reaction of the base to form quinonemonoimine and 
amine, kl', can be determined directly if the com- 
pounds are present almost completely as the bases. 
For the systems revealing a tendency toward 
limiting deamination rates, k,' can be calculated 
using the constant K .  All but the most obvious 
conventional methods used in these calculations are 
discussed in the next section. 

The mechanism of the deamination can be under- 
stood in analogy to nucleophilic substitutions4 
which are activated by electron-withdrawing substit- 

Ia T i ,  I 1  

uents, as shown for the nitro group by Ia and Ib. 
For Y -  as the entering nucleophilic reagent, the 
intermediate I1 has been postulated. The resonat- 

(4) J. F. Bunnett  and R. E. Zahler, Chem. Reus., 49, 273 (1951). 

ing structures of the diimine undergoing deamina- 
tion can be ivritteLi as 111. The principal differ- 
ence betweeii strrxturcs 111 and I is the f o r i d  
positive charge, which may account for the higher 
activity of the tliiiiiines towtril riucleo;)?iiiic rc I-  
gents. 

?\ 1 [ '3 !l 

K---X .=':\ -E 
c, 4,- \ 

+ ~ 

\ '  /' 

S. A 

I? I \  t< It '  
l i l t i  l l l t  

Negative ions may attack any of the positions 
iiidicated with a positive charge. The addition 
of OH- will, however, remain undetected unless the 
addition product is a stable base or undergoes an 
irreversible reaction which leads to a stable product. 
The quantitative yields of indophenol dyes show 
the absence of side reactions a t  high PH. X deficit 
in dye yield reveals the formation of non-coupling 
products a t  lower PH. As shown below, information 
on the kineticsof the reaction which causes the deficit 
sufiices for the present discussion. With respect to 
the chemistry of the side-reaction it may be pointed 
out, however, that non-coupling by-products may 
be formed by reactions of structures which become 
possible, or are activated, by addition of a proton 
to 111. Wiilstatter5 has shown that in strongly 
acidic solution the imino group of oxidized 9- 
phenylenediamine is eliminated ; the reactive 
species is probably a protonated diimine. 

The stability of the bases of diiniines containing 
N-hydroxyalkyl groups can be explained by for- 
mation of a double ring system through intrainolec- 
ular hydrogen bonding, as shown by IV. It is 

IF 
apparent from this structure that the stability 
of rings 1 and 2 depends on whether or not the 
position of the two OH groups permits formation 
of 5- or 6-membered rings. Moreover, the forrna- 
tion of this ring system is more probable if two in- 
stead of one ,R-hydroxyethyl groups are present. 
This is borne out by a comparison of compound 

(5) R. Willstiitter and E. Mayer, Ber., 37, 1505 (1904). 



April 20, 1960 BASES IN THE DEAMINATION OF QUINONEDIIMINES 1991 

24 with compound 25, and 26 with 28. The small 
values of K for compounds 31 and 13 can be at- 
tributed to the inability of these substances to 
form intramolecular hydrogen bonds. Evidence 
that the stability of bases with substances having 
N-hydroxyalkyl groups is not caused primarily 
by the inductive effect of the OH group is given by 
the absence of detectable bases in other compounds 
containing electronegative groups, such as com- 
pounds 1, 5, 6, 10, 13, 14. The suggestion that 
single, hydrogen-bonded rings are insufficieiit to 
stabilize the bases comes from the fact that several 
compounds, 2, 6, 9, 12, 14, with stronger basic 
groups than 0-hydroxyethyl but without hydrogen 
to form the second ring with the nitrogen, did not 
show the tendency to form bases. Compound 
30, which cannot form a hydrogen bond with the 
added OH-, forms a base which is highly unstable 
with respect to cleavage to the diimine. The 
C-N bond, however, being a covalent bond in 
the ring, is slow to break, as shown by the small 
k~’. The effect of the -C2H4N(H)SO&H3 group, 
in compound 11, in stabilizing the base could not 
be determined because the proton dissociates a t  
PH 10. The absence of the base below this pH 
limits the log K to <4. 

The C~HIOH group on the tertiary nitrogen in- 
creases the stability of the bond with the entering 
OH- (large K )  and of the ring carbon-N bond 
(small kl’) as shown by the results in Table 11. 
The data for all compounds for which K could be 
determined follow a continuous trend with the 
exception of 6-amino-l-ethyl-1,2,3,4-tetrahydro- 
quinoline (8). The hydroquinoline system has a 
stabilizing effect on the base but more with respect 
toward deamination than toward dissociation, 
and its effect on dissociation does not reach the 
magnitude of the stabilization by the double 
ring system IV. 

There is evidence that the -CzH40H group not 
only stabilizes the base but activates the diimine 
for nucleophilic attack in general; the rate of 
coupling with 2-(3-disulfobenzamido)-5-methyl- 
phenol was found to be 7 X lo3  with compound 
16 and 1.9 X lo5 with compound 26, and similar 
effects have been observed for the oxidative sulfo- 
nation of these compounds.6 

Hydrogen bonding to the nitrogen atom probably 
favors structures IIIb, IIIc, IIId and IIIe over 
structure IIIa. With such hydrogen bonding, 
structure I11 would become V. 

m 
(8) L. K. J. Tong and M. Carolyn Glesmann, unpublished data. 

Table I11 shows the effect of N substitution on 
the specific rate constant (k3’) for the reaction 
of diimines a t  lower pH which leads to non- 
coupling products. The -CZH~N(H)SOZCH~ groups 
accelerate the reaction compared to -H and 
-CIHS, while -C2H4N(CH3)S02CHs has no effect; 
-C2H4NHCOCH3, which does not markedly stabi- 
lize the base (Table I), has very little effect. 

TABLE I11 

SPECIFIC RATE COSSTANTS FOR THE :::;. 
FORMATION OF NON-COUPLING PRODUCT 

FROM OXIDIZED DIAMINES ( k3’) s 
/ \  
R2 R,  

Num- ks’ 
ber X R1 R2 x 10’ 
8 H GH5 CzH6 0 5  

32 H H H 0.5 
25 H C2H5 -C&OH 19 0 

6 H  CzHs -CzHdOCHs 0 .7  
7 H  CzH5 -CH~NHSO~CHR 70.0 
3 H  CzHs -CZH~?U?ICOCH~ 1 . 0  

16 CH3 GH5 GH5 0 . 5  
10 CHs GH5 -GH,li(CHa)EQCHa 0.5 
28 CHa GHs -GHdOH 5.0 
11 CH3 CiH5 -GH4SHS02CHa 15.0 
29 CH3 CzHo -CaHoOH 0 .4  

The decrease in the specific rate constant, kl’, 
brought about by substituting -CZH40H for 
-CzHb on nitrogen, indicates that the hydroxylated 
group stabilizes the base more than the activated 
complex, possibly because the complex, as repre- 
sented by VI, has no intramolecular hydrogen- 
bonding and, therefore, derives no increased sta- 
bility from the hydroxyl group. 

Calculations 
Plots of log kl vs.  pH for the diimines in Table I 

are linear up to QH 12 and do not reveal formation 
of intermediate bases; the average slopes were 
1.02 f 0.02. To calculate log kl/(OH-) (Table 
I), log k1 was obtained graphically a t  QH 12, and 
log (OH-) a t  this QH was taken as -2.00. If we 
make the plausible assumption that the deamina- 
tion proceeds via the base even though its concen- 
tration may be small, ki/(OH-) in Table I becomes 
k1’K, with an upper limit for log K of 1.5 since 
more than 25% conversion to the base would 
certainly be kinetically detected. 

The equilibrium constant K is obtained by plot- 
ting log ( D a  - D)/(D - Db) us. PH (Fig. 3); 
D a  is the density a t  300 mp of the diimine (PH 7-8), 
Db is the density of the base ($H 11, 12 or in KOH 
solution), and D is the density a t  the intermediate 
PH indicated. From the QH value, (pH) 
where the expression just given is zero, the equi- 
librium constant K (Table 11, column 3) is calcu- 
lated as log K = -log k, - (PH) 11%) -log k ,  being 
taken as 14.00. Although the precision of * 
0.02 log unit is indicated, the accuracy of log K is 
estimated at  + 0.1 because of possible systematic 
errors. The quinonediimines 29 and 31 were too 
unstable for absorption measurements and the K- 
values were selected to fit the data of deamination 
rates. 
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Deamination rates were calculated from the 
analysis of the butyl acetate extracts of the “blue” 
indoaniline dye and the “red” indophenol dye. 
Both the quinonediimine and its base (by reverting 
to the quinonediimine) form the “blue” dye with 
a-naphthol, while the quinonemonoimine produces 
the “red” dye. The symbols (TJ, ( T b ) ,  ( A I )  and 
(l-), respectively, are the concentrations of qui- 
nonediimine, its base, quinonemonoimine, and the 
non-coupling product in the aqueous solution where 
the reaction takes place; and (R) and (K) are the 
concentrations of the “blue” and “red” dyes in tlie 
butyl acetate extract. I t  has been found that 
the decrease in blue dye follows first-order kinetics 
over the entire pH range: d(B)/dt = -k(B). 
Since (B) is proportional to the sum (Ta) + (Tp, 
it follows that 

d [ ( T a ) + ( T b ) l  = - k [ ( ’ r , )  + (Tb)] (1) dt 

In the lower PH range, where a nun-coupling prod- 
uct, Y ,  is fornied besides the quinonemonoimine, 
M, the ratio of their concentrations, (Y )  ’(XI), was 
found to be constant throughout a given reaction, 
suggesting that 

d(M)/tl t  = k l [ ( T , )  + (‘1b)l 
and 

dfP)/dt = k3[(T,) + (Tp,)] 
where kl + ka = h.  

was used 

(2)  

(3) 

In order to resolve k into k l  and ks, relation (4) 

The values of kl and k? in Table IV were determiiiecl 
graphically by plotting (B) versus (R) and using 
eq. (4). As shown in Table IV, ka is negligible 
in most cases. m’here kS has a finite small value 
compared to k l ,  k3 was calculated with eq. (4) for 
the lowest pH. The other k:j values listed were 
calculated by equation (5) 

‘I’his depeiideiicc is verified by tlie results sliowii 
in Fig. 4. 

As reported before,8 coupliiig rates of nctivc 
iiiethine compounds with diiinines which do iiot 
forin stable bases are proportional to the product 
of the concentrations of the diiinine and the 
coupler anion (C-) .  

I t  was of iiiterest to determine whether with 
diiiiiines which form stable bases the latter con- 
tribute to the coupling rate. Figure 5 shows the 
i>H-dependence of the second-order coupling rate 
constants for three substances of this type; the 
coupler used was 5-methyl-2-(3,5-disulfobenzain- 
ido)-phenol (VII) . 

The calculation of the rate constants (k,,,,,) was 
based on the total concentration of oxidized di- 
imines, (Ta) + ( T b ) .  The curves drawn were 

d i d y c ) / d t  = k,,,,,,, ( T 3 ) ( C )  ((i) 

( 7 )  To avoid confusion, the subscripls used t o  designate the  rate 
Values of k2 for deaminatiun uf 

(8) I,. K. J .  Tong and hI. Carolyn Clcsmann, THIS J o u x ~ ~ r . ,  79, 

coristants in reference 2 were retained. 
t h e  munoimine are negligible in the present determinations. 

588 (1937). 

TABLE Ii- 
FIRST-ORDER R.4TE CUSSTANTS FOR THE ELIMIVATION OF 

DIALKYLaMINES ( k l ) ,  AUD FOR THE REACTIOX LEADING T O  
10s-COUPLISG PRODUCTS ( h a )  

ki, k3, 
p H  set.-' set.-' 
i-.~niino-3-metliJ-l-S- 
ethgl-S-(B-h~.dros!-- 

ethylaniline (28j  
12.05 0.282 h-egl. 
11.50 ,270 Segl.  
11 . O O  ,276 h-egl. 
10 .43  ,216 Segi .  
9 . 9 0  . 161 Segl .  
9 . 6 3  ,111 0.002 
8.9i ,035 ,0042 
8.53 .0143 ,0046 
8 12 ,0059 ,0048 
I-bmino-3-metli~-l-S- 
ethyl-N-( 3-hydroxy- 
propyl)-aniline (29) 

12.04 5.86 Segl.  
11.80 4 . 6 1  Sei$ 
11.41) 3.211 Xegl. 
11.01 1.73 S e g l .  
10.40 0 . 2 8 0  Negl. 
9.60 ,078 Seql.  
9 . 2 8  ,031 S e p l .  
8.89 .0Ob3 Seql .  
8.11 .0022 S e J .  

~ - . ~ r i i i i i ~ - ~ , ~ - b i s - ~ ~ -  
hydroxyethyl)-:i- 

inethylaniline ( 2 6 ;  
12.07 0 .147  Negl. 
11.01 ,147 h-egl. 
9 . 9 0  ,131 Segl.  
0 23 ,108 S e g l .  
8.52 ,0470 0.004G 
8 . 5 4  ,0474 .004ti 

8 10 .0”?B .0052 
7,iO 0057 ,0061 
7 . 0 2  .0018 ,006; 

8.10  . o z m  . n o x  

4-Amino-S,S-bis-(B-hq-droxT-- 
ethvl)-3,j-dimethylaniline (27) 

12.05 0.274 N e d .  
11.50 ,258 Segl .  
11.10 ,248  Kegl. 
10.08 ,167 Negl. 
0 .61  ,095 Yegl. 
8 .95 ,0276 Xegl. 
8.67  .0157 Negl. 

,00467 Negl. 8.19 

~-dmirio-N-ethyl-h-(B- 
hydroxyethy1)-aniline (25) 

12.0G 0.157 Negl. 
, 152  h-egl. 12.01 
,145 Negl. 11.03 

10.42 ,150 Negl. 
0.91 ,139 0.001 

8.83 ,068 ,010 
8.60 ,066 ,010 
8.10 ,023 ,016 
7 . 3 0  ,0064 .(I18 

9.30 ,118 on; 

(j-.kiiiiio-l-etli) 1-1,2,:3,4- 
t-etrahydroquiiioline (31)) 

(0.5 .lf KOH) 0.147 Piegl. 
1 2 . 1 2  , 127  Negl. 

,122 ?;egl. 12 .00  
,092 Segl .  1l.i‘J 
,087 h-egl. 11,4!J 

11.03 ,028 h-cgl. 
10 .40  ,008 0.0003 
0 . 7 7  00178 ,0003 
8.88 ,00023 ,0003 

12.0‘1 
11.52 
11.00 
10.53 
9.87 

0 

Y I I C  
4 

226 Scgl.  
io4 Xegl. 
4 0 . 1  Keg]. 
11.1 h-pgl. 
2 . 8 1  X e d .  

SO: 
d 

calculated with the equation 

the coilcentration ratio calculated froin the equi- 
librium constants in Table I1 and klCoup, the specific 
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in the cap served as an outlet for the solu- 
tion. While the solution was flowing a t  a 
constant velocity and after a steady state 
had been attained, the absorbance of the 
reaction mixture was measured in the Beck- 
man model DE spectrophotometer with a 
hydrogen lamp as light source. Absorp- 
tions due to buffer, K3Fe(CN)6, K4Fe(CNje, 
were either corrected using the known ex- 
tinction coefficients of these materials or 
canceled by adding them to the reference 
solution in the Beckman spectrophotom- 
eter. The average age of the solution 
flowing in the cell was 0.8 sec. after mix- 
ing as determined by carrying out a reac- 
tion of known rate. At high pH, the ab- 
sorbance was corrected for deamination 
based on the known rate and the extinc- 

r .  
Coupling rates wiih 2-(3,5-disulfobenz- 

amido) -5-methylphenol were measured by 
the continuous flow method with com- 
pounds 25 and 26. The stop method was 
used with compound 30. The dyes with 

Fig. 4 --pH dependence of first-order rate constants Formation of 
non-coupling products (ha) and elimination of tertiary amine ( kl) from 
oxidized 4-aniino-hT,1J-bi~-(P-h~dro~~cth~-l)-aniline (24). Curves cal- 
ciilated, points observed. 

extremes appear to be greater than the random 
experimental error, systematic errors in coupling 
rates are inherently larger than in equilibrium 
measurements and in deamination rates be- 

e 

cause coupling rate measurements are more sensi- 

’ 

!,-A- 
--.. &, ?/ ’- 
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were mixed manually with syringes. For com- 
pound 1, 4-amino-3-methyl-N-ethyl-N-0- (l-pyri- 
dinium)-ethyl aniline chloride, the undeaminated 
dye remained completely in the aqueous phase and 
the deaminated dye was extracted into the butyl 
acetate. 

Preparations 
Forcompounds3, 4, 5, 6, 7, 8, 10, 11, 13, 16, 17, 18, 19, 

20, 21, 22, 23, 25, 28 and 30, see ref. 10. For 9, see ref. 3. 
4-Amh-10- N-  ethyl- 3 - methyl- N - [a - ( 1  -pyridinium)- ethyl] - 
aniline Chloride Hydrochloride (1, 'Table 1)" was prepared 
by the following reactions starting from K-ethyl-N-(6- 
chloroethyl)-3-metliylanili1le (1) .10  

N-Ethyl-3-methyl-N- [p-( 1-pyridiniun1)-ethyl] -anilme 
Chloride (II).-Compound I (100 g., 0.506 mole) and 500 
ml. of dry pyridine were refluxed for 70 hr. The mixture 
was diluted with 2 liters of acetone and then with anhydrous 
ether-acetone (1 : 1) until precipitation occurred. Crys- 
tallization was induced by seeding and completed by cooling 
and addition of 3 liters of anhydrous ether in portions; 
lield of crude 131 g. (9401,), m p. 70-7lo. The crude was 
recrystallized from absolute ethanol using Darco. After 
dilution with 9 volumes of acetone, i t  was precipitated with 
anhydrous ether; 1n.p. 72-73', light yellow crystals. 

Anal. Calcd. for ClsH~lCIN~: C, 60.4; H, 7.7; N, 
10.1. Found: C,69.4; H, 7.6; X, 9.8. 

N-Ethyl-3-methyl-4-nitroso-N- [p-( I-pyridinium)-ethyl] - 
aniline Chloride Hydrochloride (III).-Compound I1 (75 
g., 0.271 mole) was dissolved in 128 ml. of concentrated 
hydrochloric acid and 120 ml. of water. Sodium nitrite 
(19.5 g., 0.030 mole) in 75 ml. of water was added to the 
cooled solution in 15 min. -4fter about 15 min. it was 
diluted with 1500 ml. of absolute ethanol. The filtered 
solution was evaporated zn vaczio to a residue to which 800 
ml. of absolute alcohol was added. The alcohol solution 
was filtered and diluted with 800 ml. of acetone to precipi- 
tate 62 g. (67%) of the nitroso compound; recrystallization 
from absolute alcohol-acetone containing a little concen- 
trated hydrochloric acid gave a greenish-yellow powder 
idec. above 140"). 

Anal. Calcd. for C1eH21C12N30: C, 56.1; H ,  6.18; S ,  
12.3; C1, 20.7. Found: C, 55.6, 55.9; 13, 6.6, 6.6; N, 
12.2; C1, 20.3. 

4-Amino-N-ethyl-3-methyl-N- [&( 1-pyridinium)-ethyl] - 
aniline Chloride Hydrochloride (l).-To the nitroso cotn- 
pound (10 g., 0.0292 mole) dissolved in 150 in1 of absolute 
ethanol containing 2 ml. of concentrated hydrochloric acid 
was added 2.0 g. of 10% palladium-on-charcoal and the 
mixture was shaken under 45 lb. of hydrogen for 45 min. 
After addition of 50 ml. of water, i t  was filtered using Super- 
Cel. The filtrate evaporated a t  room temperature z n  vacuo 
gave an oil. Absolute ethanol (50 ml.) was added and the 
solution again evaporated. The oil, upon treatment witli 
a little absolute ethanol contaiping a small amount of ether, 
crystallized; yield 6.7 g. (70%). Two grams was slurried 
in 20 ml. of boiling absolute ethanol and the minimum 
amount of concentrated hydrochloric acid (approx. 25 drops) 
to effect solution added. The solution was filtered and 
cooled; yield 1.4 g. (70%) of bright yellow crystals (no 
Ill .p .) 

Anal. Calcd. for C16F123C12X:3: C, 58.5; 13, 7.1; X, 
12.8; C1, 21.6. Found: C, 58.4, 58.0; H, 7.2, 7.1; N, 
i n  C .  c.3 ni  n 
l O . d ,  L l ,  Li1.D. 

4-Amino-N-ethyl-N-(~-sulfoethyl)-aniline ( 2 ,  Table I )  
M X S  prepared in the same WAV as described for the 3-methyl 
liotiiolog (9).3 The resultant amino acid was recrystnllized 
from distilled water, and was dried i t i  a vacuum desiccator; 
m.p. 268-269' dec., inimersed a t  260". Speed is essential 
to prevent oxidation. 

Anal .  Calcd.: C, 49.2; Ii, 6.55; h-, 11.48. Found: 
C,  49.6; I-I,6.4; h-, 11.4. 

4-hino-N-ethyl-3-methyl-N-(3-sulfopropyl)-aniline Hy- 
drochloride (12, Table I) was prepared by the following re- 
actions: 

3-Chloropropanesutfonic Acid, Sodium Salt (X).-A solu- 
tion of 252 g. (2 moles) of sodium sulfite in 1200 ml. of -- 

( IO) R .  L. Bent, e l  d., THIS JOURNAL, 73, 3100 (1991). 
(11) Prepared by H. J. Osborn, of these Laboratories. 

water was added dropwise over a period of 2.5 hr. to 315 g. 
(2 moles) of 1-bromo-3-chloropropane (Eastman Organic 
Chemicals) i n  1200 ml. of 95yc ethanol and 400 ml. of w'Lter, 
with heating aiid stirring. Heating and stirring werc: con- 
tinued for a further 3.5 hr. and the reaction niisture con- 
centrated to dryness under reduced pressure. The residue 
was dissolved in about 5300 ml. of 1357c alcohol, filtered hot 
and chilled. The solid was filtered and ~ a s h e d  with cold 
ethanol; yield 128 g. (35%). 

3-Hydroxypropanesulfonic Acid Sultone (Ii) was prepareti 
by hydrolysis of I.12 

N-Ethyl-3-methyl-N-(3-sulfopropyl)-aniline (iII).--I 
mixture of 3.93 g. (0.0291 mole) of N-eth5.1-3-nieth?laiiiline 
(see later), 50 ml. of d r r  benzene and 3.55 E. 10.02131 mole) 
of I1 was'iefluxed for 8 hr. on a steam-bath- kfter chilling, 
t l x  precipitate was filtered, washed with dry benzene, 
slurried with 75 xnl. of acetone, and dried in air; yicld 
5.25 g. (70%). 

A m l .  Calcd.: C, 56.0; H, 7.4; 9, 12.-15. Found: 
C, 56.3; H, 7.3; K, 12.2. 

N-Ethyl-3-me thyl-4-nitroso-N-( 3-sdfopropyl)-aniline 
(IV).-Xitrosation of I11 was carried out as with corn- 
pounds 2 and 9 (Table I). The free amino acid did not 
precipitate and it was neutralized with sodium hydroxide 
before reduction. 

4-Amino-N-ethyl-3-methyl-N-(3-suifopropyl)-aniline Hy- 
drochloride (12).-The sodium salt of IV was reduced cata- 
lytically at 50 p.s.i. in 20 ml. of water, 150 ml. of ethanol 
and 1.5 g. of 10% palladium-on-charcoal. The filtrate was 
Concentrated to dryness aiid extracted with 75 mi. of 9570 
ethanol, filtered hot, and again concentrated. It was 
extracted with a mixture of 55 ml. of acetone and 40 ml. 
of 95% ethanol, and again concentrated to dryness. The 
gummy product was converted to  the hydrochloride by 
heating with 50 rnl. of concentrated hydrochloric acid in 2.5 
ml. of water and evaporated to dryness. The residue was 
dissolved in 35 ml. of 95% ethanol, filtered, and the salt of 
the developer was precipitated with ether. The alcohol- 
ether treatment was repeat.ed. Finally, the material mas 
dissolved in absolute alcohol, filtered and concentrated to  
dryness. The solid was broken up and thoroughly dried in a 
vacuum desiccator; yicld of the aniline hydrocliloride, 1.4 g. 
(45%). The material was slightly hygroscopic. A n d .  
Calcd.: C ,  46.6; 13, 6.8; S, 1.0.38. Found: C, 46.0; 11, 
7.0; S, 11.6. 

4-hino-N-carboxymethyl-N-ethyl-3-methylaniline di- 
hydrochloride (14, Table I )  was prepared by the following 
series of reactions: 

N-Ethp!-3-methylaniline (I).-The pure secondary ani- 
line was obtained by reducing 3-methyl~cctanilide with 
lithium dumirium hvdride, as described in the literature for 
similar compounds.i3 The powdered amide was added in 
portions t o  a suspension of the hydride (large excess) in 
ether under reflux. Refluxing was continued for a further 
6 hr. 

N-Carbethoxymethyl-N-ethyl-3-methylaniline (II).--A 
mixture ol 51 g. (0.378 mole) of I, 63.1 g. (0.378 mole) of 
ethyl broinoacetate (Eastiiiaii Organic Chemicals), 400 
ml. of 9Z17~ ethanol, 200 ml. of water and 31.8 g. (0.378 
mole) of sodium bicarbonate was refluxed on a mantle for 
17 hr. After the alcohol had been removed, the product 
\vas extracted with ether, dried and concentrated. The  
fraction boiling at 152-158' (10 mm.) was collected; yield 

N-Carbethoxymethyl-4-( 2,5-dichlorophenylazo)-N-ethyl- 
3-methylaniline (III).-The azo dye was prepared by CM- 
pling 11 with diazotiLed 2,5-dichloroanillne, as described pre- 
viously 10 It is importnnt t o  use purified dichloroanlline. 
The over all yield of I Y  was 70 g. (78.5%), m.p. 152.5- 
153.5'. 

Anal. Calccl.: C, 57.8; E, 5.33. Found: C, 58.1; H, 
5.5. 

4-Amino-N-carbethoxymethyl-N-ethyl-3-methylaniline 
Hydrochloride (IV).-Compound 111, 7.88 g., was reduced 
catalytically using 200 ml. of absolute ethanol and Raney 
nickel. The catalyst was filtered off, one equivalent of 
concentrated hydrochloric acid was added and the solution 
concentrated to  dryness. The residue was dissolved in 30 

of r r ,  68 g. ( 8 i . s " ~ ) .  

(12) J. Willemn, B ~ i l  s ix .  r 7 ; i i ; ~ .  I>cl;rP, 64, -125 (1%:). 
(13) R. ildams, "Organic Reactions," Vol, VI, Juhn  Wiley and 

Sons, Ine.. S e w  York, N. Y., 1051, p. 49.5. 



April 20, 1960 BASES IN THE DEAMINATION OF QUINONEDIIMINES 1995 

ml. of hot acetone and chilled, and a little ether was added. 
The yield of IV was 3.8 g. (70%), m.p. 171.5-173.5' dec. 
(immersed a t  160'). 

Anal. Calcd.: C. 57.1: H, 7.7: N, 10.33. Found: . . .  
C, 56.9; H, 7.9; N, i0.7. 

4-Amino-N-carboxymethyl-N-ethyl-3-methylaniline Di- 
hydrochloride (14).-Compound IV (2.35 g., 0.00862 mole) 
was hydrolyzed by refluxing with 20 ml. of concentrated 
hydrochloric acid and 55 ml. of water for 7 hr. The solu- 
tion was concentrated to dryness, and the sticky solid 
slurried with 50 ml. of acetone, decanted, and the procedure 
repeated with another 50 ml. of acetone. The solid was 
dried thoroughly in a vacuum desiccator; yield of 14, 2 g. 
(82%), m.p. dec. a t  150'. Analysis indicated a mixture 
of the monohydrochloride and dihydrochloride. 

4-Amino-N,N-bis-(carboxymethyl)-3-methylaniline hy- 
drochloride (15, Table I) was prepared by the following 
series of reactions: 

N,N-Bis-( carbethoxymethyl)-3-methylaniline (I)  .-A mix- 
ture of 107 g. (1 mole) of m-toluidine, 334 g. (2 moles) of ethyl 
bromoacetate (Eastman Organic Chemicals), 184.5 g. (2.2 
moles) of sodium bicarbonate, 1200 ml. of 95% ethanol and 
500 ml. of water was refluxed on a mantle for 60 hr. The 
alcohol was removed and the oil extracted with ether. The 
ether was dried, concentrated, and distilled. The first 
fraction, b.p. 160-170' (10 mm.), consisted of the N-carb- 
ethoxymethyl-3-methylaniline (m.p. 66.5-67.5', after 
recrystallization). The fraction, b.p. 150-165' (1 mm.), 
was collected and then redistilled slowly using a 1-ft. 
column; yield of I, b.p. 135-143' (1 mm.), 77 g. (27.5%). 

Anal. Calcd.: C, 68.4; H, 7.77. Found: C, 68.6; 
H, 8.0. 

N,N-Bis-(carbethoxymethyl)-4-(2,5-dichlorophenylazo)- 
3-methylaniline (II).-The coupling of diazotized dichloro- 
aniline with I was done as previously described; yield of 
I1 from 60 g. (0.215 mole) of I, after recrystallization from 
95% ethanol, 31.5 g. (32.5%), m.p. 118-119.5'. 

Anal. Calcd.: C, 55.6; H, 5.08; N, 9.4. Found: C, 
55.6; H, 5.2; N, 9.7. 

4 -Amino-N ,N-bis-( carbethoxymethyl)-3-methylaniline 
Hydrochloride (III).-The azo dye I1 was reduced in the 
same manner as described for compound 14. The yield of 
I11 from 4.52 g. (0.01 mole) of I1 was 2.85 g. (85%), m.p. 
162-166', with shrinking and softening. Analysis indi- 
cated a mixture of mono- and dihydrochlorides had formed. 

4-Amino-N,N-bis-(carboxymethyl)-3-methylaniline Hy- 
drochloride (lJ).-The ester I11 was hydrolyzed, as de- 
scribed for compound 14. The yield of compound 15 was 
nearly quantitative. The light-tan powder decomposed at 
135'. Analysis showed a mixture of mono- and dihydro- 
chlorides. 

4-Amino-N,N-bis-(p-hydroxyethyl)-aniline Sulfate (24, 
Table 11) was prepared by the following series of reactions: 

N,N-Bis-(p-hydroxyethyl)-4-nitroaniline (I).-A mixture 
of 78.75 g. (0.5 mole) of 1-chloro-4-nitrobenzene and 105 g. 
(1 mole) of 2,2'-iminodiethanol (Eastman Organic Chemi- 
cals) was heated in an oil-bath for 4.5 hr. (temperature of 
bath, 130-140'). The warm reaction mixture was poured 
into 500 ml. of cold water, the solid was filtered, washed with 
water, dned and then slurried with ether; yield of I, after re- 
crystallization from aqueous ethanol, 25 g. (22%), m.p. 
103-104". 
4-Amino-N,N-bis-(p-hydroxyethyl)-aniline Sulfate (24).- 

The nitroaniline I was reduced catalytically using ethanol 
and 10% palladium-on-charcoal; yield of 24, b.p. 201-205" 
(1 mm.), obtained from 22.6 g. (0.1 mole) of I was 14.9 g. 
(760%). The distillate solidified in the receiver, m.p. 87- 
88 . 

Anal. Calcd.: C, 61.2; H, 8.16. Found: C, 61.0; 
H ,  8.4. 

The free base (14.55 9.) was converted to the sulfate by 
dissolving it in 60 ml. of absolute ethanol and adding one 
equivalent of concentrated sulfuric acid in 20 ml. of ethanol; 
yield of 24, m.p. 172-173" with effervescence, 11.5 g. 

4-Amino-N,N-bis-(~-hydroxyethyl)-3-methylaniline (26, 
Table 11) was prepared by the following reactions: 

N,N-Bis-(~-hydroxyethyl)-3-methylaniliie (I).-The 
practical material from Eastman Organic Chemicals (listed as 
2,2'-m-tolyliminodiethanol) was distilled under reduced 
pressure, and a fraction, b.p. 160-165" (1 mm.), was col- 
lected. 

(53%). 

The pure product had m.p. 65-67'. 

N,N-Bis-(p-hydroxyethyl)-3-methyl-4-nitrosoaniline (11). 
-Nitrosation of I was carried out in the normal manner; 
yield of 11, obtained from 78 g. (0.4 mole) of I, after re- 
crvstallization from 1700 ml. of benzene and 450 ml. of 
acetone, was 52 g. (58%), m.p. 109-110'. 

4-Amino-N,N-bis-(p-hydroxyethy1)-3-methylaniline (26). 
-Reduction of I1 was carried out using ethanol and palla- 
dium-on-charcoal. The filtrate was concentrated to dry- 
ness. After crystallization first from 1600 ml. of acetoni- 
trile and then from 600 ml. of 95% ethanol, 47 g. of 26, 
m.p. 113-114' (5695), was obtained from 83.5 g. of the 
crude free base. Speed is important to prevent decomposi- 
tion. Anal. Calcd.: C, 62.8; H, 8.56; N, 13.3. Found: 
C,  62.8; H,8.5; N, 13.5. 

rl-Amino-N,N-bis-( p-hydroxyethyl)-J ,5-dimethylaniline 
(27, Table 11)14 was prepared by the following reactions: 

N,N-Bis-( p-hydroxyethyl)-3,5-dimethylaniline (I).-A 
mixture of 100 g. (0.826 mole) of 3,Bdimethylaniline 
(Eastman Organic Chemicals) and 88.1 g. (2 moles) of 
ethylene oxide was placed in a steel reaction vessel and 
heated, with shaking, a t  150' for 16 hr. The reaction 
mixture was extracted with ethanol, concentrated to dry- 
ness, and distilled. The fraction, b.p. 160-172' (3 mm.), 
136 g., was collected (m.p. 94-98'); yield of I, after re- 
crystallization from 1500 ml. of a 50: 50 benzene-ligroin 
mixture (ligroin, b.p. 65-76'), 97 g. (36%), m.p. 103-104". 
Anal. Calcd.: C, 68.85; H, 9.15; N, 6.69. Found: 
C, 68.8; H, 9.0; N, 6.8. 

N ,N-Bis-( p-hydroxyethyl)-3 ,5-dimethyl-4-nitrosoaniline 
(II).-Kitrosation of I was carried out in the normal man- 
ner. From 20.93 g. (0.1 mole) of I was obtained 17.75 g. 
of 11. This was recrystallized from 200 ml. of acetone, and 
800 ml. of benzene was added when the mixture was cool; 
final yield of 11, 6.65 g. (29%), light-brown solid, m.p. 
150-152". 

4-Amino-N,N-bis-(p-hydroxyethyl)-3,5-dmethylaniliie 
(27).-Reduction of I1 was carried out as with compound 
26. The product was recrystallized from water; yield of 
27 from 6.65 g. (0.0279 mole) of I1 was 4.92 g., light-brown 
solid (78.5%), m.p. 110-112'. 

Anal. Calcd.: C, 64.26; H, 8.99; N, 12.49. Found: 
C,64.0; H, 8.7; N, 12.4. 

4-Amino-N-ethyl-N-( 3-hydroxypropyl)-3-methylaniline 
sulfate (29, Table 11) was prepared by the following reac- 
tions: 

N-Ethyl-N-(3-hydroxypropyl)-3-methylaniline (I).-A 
mixture of 13b g. (1 mole) of N-ethyl-in-toluidine, 139 g. 
(1 mole) of 3-bromopropanol (Eastman Organic Chemicals), 
800 ml. of 95% ethanol and 250 ml. of water was refluxed 
on a mantle for 60 hr. After concentration, the oily layer 
was extracted with ether. . The ether extracts were dried, 
filtered, concentrated, and the residue was distilled under 
reduced pressure; yield of I, b.p. 176-180' (15 mm.), 129 g. 
(67%). Anal. Calcd.: C, 74.6; H, 9.84. Found: C, 
74.2; H, 9.7. 

4-(2,5-Dichloro henylazo)-N-ethyl-N-(3-hydroxypropyl)- 
3-methylaniline (IIf.--hzo coupling of I was carried out as 
previously described. The crude azo dye did not readily 
become crystalline; final yield of 11, obtained from 19.3 g. 
(0.1 mole) of I, after recrystallization from acetonitrile, 
18.5 g. (50.5%), m.p. 92-94'. 

Anal. Calcd.: C, 59.0; H, 5.74; N, 11.48. Found: 
C, 58.6; H, 5.5; N, 11.6. 

4-Amino-N-ethyl-N-( 3-hydroxypropyl)-3-methylaniline 
Sulfate (29).-Reduction of the azo dye was carried out 
with Raney nickel as catalyst. The free base was distilled 
under reduced pressure, and a fraction collected with b.p. 
149-152' (1 mm.); yield of 29 from 18.5 g. (0.0505 mole) of 
11, 5.9 g. (56%). 

Anal. Calcd.: C, 69.2; H,  9.61; N, 13.45. Found: 
C,69.0; H,9.4; K,  13.9. 

The sulfate was formed by adding one equivalent of sul- 
furic acid to an alcoholic solution of the free base, m.p. 
155-156 O .  

Anal. Calcd.: C, 47.0; H, 7.18. Found: C, 47.5; H, 
6.9. 

N-(4-Aminophenyl)-3-hydroxypiperidine hemisulfate 
(31, Table II)I5 was prepared by the following series of re- 
actions : 

(14) Prepared by A. E. Anderson, of these Laboratories. 
(15) Prepared by W. C. Firth, Jr., of these Laboratories. 
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N-(4-Nitrophenyl)-3-hydroxypiperidine (I).-Fifty gram> 
(0.5 mole) of 3-hydroxypiperidine (Aldrich Chemical Co.) 
and 39.8 g. (0.25 mole) of p-nitrochlorobenzene (Edstinaii 
Organic Chemicals) were heated on a steam-bath for 5.5 hr. 
The material was warmed with 250 ml. of water, cooled, 
filtered, and again treated with 250 ml. of water. The solid 
was recrystallized from 100 ml. of 9570 ethanol and again 
from 75 ml. of ethanol; yield of I was 24.6 g. (45%), m.p. 
126.5-128.5". Anal. Calcd.: C, 59.7; H, 6.3; S, 12.65. 
Found: C, 59.6; H, 6.5; N, 12.9. 

N-(4-Aminophenyl)-3-hydroxypiperidine Hemisulfate 
(31).-Reduction of I was carried out using 1070 palladiutn- 
on-charcoal and absolute alcohol. One equivalent of coii- 

centrated sulfuric acid was added to the  iiltratc, and the 
solid was filtered arid dried in a vacuum desiccator; yield of 
31 from 10 g. of I ,  8.4 g. Recrystallization of 2 g. of the 
salt from 95% ethanol gave 1 g. of 31,m.p. >240" with dec. 
(38.2%). Anal. Calcd. : C, 54.75; H, 7.1. Found: C,  
55.0; H, 7.1. 
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Reaction of Cholestenolone Acetates with Ethanedithiol 
BY LOUIS F. FIESER, CHING YUAN' AND TOSHIO GO TO^ 

RECEIVED SEPTEMBER 16, 1959 

T w o  r-acetoxy-ol,P-utisaturated ketones of the cholestane series were found to react with ethanedithiol in an anomalous 
fashion to  give products other than the normal ethylenethioketals. Structural elucidation of anomalous compounds A-F 
could not be accomplished by chemical means, and ultraviolet spectroscopy afforded only limited guidance. However, 
nuclear magnetic resonance spectroscopy provided an unequivocal basis for evaluation of structures and configurations 
tentatively deduced from considerations of mechanism and led to  reasonable solutions of all problems encountered. 

In a study of the condensation of ketones with 
ethanedithiol in the presence of boron fluoride 
etherate, it was noted that A4-cholestene-6P-01-3- 
one, which is easily isomerized by acids to choles- 
tane-3,G-dioneJ4 reacts with ethanedithiol to give 
the same product as this diketone, namely, the 
bisethylenethioketal 9, m.p. 220 '. The correspond- 
ing acetate 1, however, gave an anomalous isomeric 
product, m.p. 131°, which we shall designate coni- 
pound A. Koji Nakanishi found A4-cholestene- 
3P-01-G-one acetate to give another product for 
which no obvious formula was available. In the 
first phase of the present work (C. Y.), attempts to 
clarify the issue by condensation of the two a- 
acetoxy-A"J-ketones with ethanedithiol or p -  
mercaptoethanol under a variety of conditions led, 
rather, to expansion of the problem by isolation of 
four more anomalous sulfur compounds. De- 
sulfurization, substantially the only chemical 
reaction available, afforded little evidence of struc- 
ture, and ultraviolet absorption characteristics 
alone did not solve the problem. 

Work on the problem was later resumed (T. G.) 
with guidance from nuclear magnetic resonance 
spectroscopy. Although the n.m.r. data do not 
indicate uniquely applicable structures, the combi- 
nation of n.m.r. and ultraviolet characterization 
provided useful clues and also afforded a valuable 
gauge for checking formulas suggested by mechan- 
istic considerations. We shall present first the in- 
terpretations eventually arrived a t  and then report 
the spectroscopic evidence supporting the struc- 
tures. 

Compound X is regarded as the unsaturated P- 
inercaptoethylthiomonoketal 5 .  The conditions 
for its formation are about the same as for formation 
of the 3,G-bisketal 9, and A is converted into the 
latter compound on further treatment with ethane- 

( 1 )  Ph D. Dissertation, 19Sb 
( 2 )  Recipient of a Fulbright travel grant on leave from Nagoya 

University, Nagoya. Japan. 

dithiol and boron fluoride etherate. Like 9 i t  
yields cholestane on desulfurization, a t  least on 
reaction with reactive Raney nickel; saturation of 
a double bond has been observed in other instances.3 
Compound A is the only one of the six anomalous 
products which gives a positive test for the sulfhy- 
dryl group with sodium azide and iodine.6 The 
mechanism suggested involves initial formation 
of the carbonium ion 2, and this accommodates the 
fact that A4-cholestene-6~-ol-3-one acetate like- 
wise yields compound A. The bisketal 9 has also 
been obtained from 4a-acetoxy-A6-cholestene-3- 
one 4.6 The carbonium ion 3 immediately de- 
rived from 4 is destabilized by the adjacent car- 
bonyl group and probably gives place to the more 
stable conjugated ion 2, which then affords 6, 5 
and 9 as before. 

The second anomalous product derived from 1, 
compound B, was obtained with use of one equiva- 
lent of ethanedithiol and contains only two atoms of 
sulfur. An analogous product, compound C, was 
obtained by reaction of 1 with P-mercaptoethanol. 
Since C reacts with Raney nickel to form cholesten- 
one (12), the oxygen can be placed a t  C3 as in 11, 
and compound 13 can be assigned the similar 
formula (10). These formulas account for the 
dienic ultraviolet absorption, A266 m p  for C and X 
252 nip for B. On the assumption that a sulfur 
atom attached to a double bond has a batho- 
chromic effect of 30 the values calculatedR 
are 264 and 294 nip. The formation of the SZ- 
product 10 is accounted for on the supposition 
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